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DI^'GONAL TENSION IN CUEVED WEBS 
By Paul KvQin and George E. Grjffltli 

SUMMARY 


The engineering theorj’’ of incomplete diagonal tenaion In plane 
wehs presented in NACA TN No. I 36 L is generalized in order to make 
it appiicahle to cvirved wehs. Comprorisons are given hetween 
calciilated and experimental results for a nuiiber of stiffened cylinders 
subjected to torsional loads. The resu].ts indicate that the theory 
predicts the stresses to about the same accuracy for curved webs 
as for piano webs. The falling stresses in the stringers in curved 
webs were piedicted conservatively in all cases. 


liMTEODUCTION 


A.eronautical practice in the design of stiffened sheet-metal 
structures has long been to permit budding of the sheet except for 
such restrictions as may be imposed by aerodynamic considerations. 

When the sheet is subjected essentially to shear forcesj the state 
of stress that exists after buckling has taken place is known as 
diagonal tension. The theory of diagonal tension in plane (iGat) 
webs was developed in considerable detail by Wagner (reference l) 
for the theoretical limiting case of fully developed diagonal tension. 
For the practical and more general case of partly developed plane 
diagonal tension, theories of varying scope and refinement have been 
given by a number of authors. The engineering theory of incomplete 
plane diagonal tension given in reference 2 is aeraiempirlcal but 
is simple to use and has a wide scope. 

A theory of diagonal tension in curved webs ha.s also been given 
by Wagner, again for the theoretical limiting case of fiilly developed 
diagonal tension (reference 3)» Because the curvature introduces 
several complications, Wagner was forced to make more restrictive 
assumptions in the theory of cvurved webs than in the theory of plane 
webs. These additional complications have greatly retarded the 
development of a theory of incomplete curved diagonal tension. The 
first attempt to develop such a theory v/as made by Wagner In reference 3, 
where he suggested the assimiption that the shear stress in excess of 
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the critical value "^cr carried hy dia^oi>al tension. The resulting 
theory is knovm to he unsatisfactory for plane sheet and consequently 
is inacceptahle as basis of a general theory. Schapitz proposed 
a seittiempirical theory (reference 4) hut did not firmish the empirical 
data required to develop it. His theory is also based on an assumption 
essentially equivalent to that of reference 3j although Schapitz states 
in passing that a different physical action is quite conceivable. 

In the present paper, a semiempirical engineering theory of curved 
diagonal tension is obtained by generalizing the theory of plane diagonal 
tension presented in reference 2. 


S'MBOLS 


d 


h 


k 


t 


spacing of rings, inches 
spacing of stringers, inches 
diagonal— tension factor 
shear flow, pounds per Inch 

thickness, inches (without subscript signifies thickness of 


web) 


A 


cross sectional area, square inches 


D 


flexural stiffness of panel per unit length 



inch— povinds 


E 


E 


Young’s mod.ulu3 of elastic itj’’, ksi 
radius of curvature, inches 



(Use 


whichever is smaller of h or d.) 


a 


angle of diagonal tension, degrees 


noriTial strain 


Poisson’s ratio 


mCA TW No. l48l 


0 

1 


o normal etrees, kei 

shear Dtress, ksl 

p radius of gyration of crocs cection, inches 

A correction factor for allowable shear stress 

Subscripts: 

all aJ.lowable 

cr critical 

e effective 

max maxim’jm 

BT diagonal tension 

PDT ptu’e diagonal tension 

EG ring 

S shear 

ST stringer 

Special Combinations: 

critical- -shear— stress coefficient, established by geometry 
of panel and type of edge s’upport 

"basic" allowable compressive stress for forced crippling 
of stiffeners (valid for sti’essos below proportional limit 
of material), ksi 




all 


"basic" allowable shear stress, ksi 


k 
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ENGIHEERiriG THEORY OF CURVED DIAGONAL TENSION 


State of Stress "before BucMine of Sheet and 
CalcixLation of Buckling Stress 


^'fhen a stiffened cylinder is subjected to torque loads auplied 
at the ends of the cylinder, a unifom shear flow is generated 
in the sheet (except near the ends) . No stresses exist in oho 
stiffeners or rings until the sheet begins to buclcle. 

According to reference 5, the stress at which the sheet buckles 
is given, if h is siuaLler than, d, by the formula 

T -isAE 

cr " ^ 


p p 
p o 

12R^Z- 


( 1 ) 


If d is sinaller than h^ then 


d roplacGS h in tho lonnula. 


The coefficient kg is given in fifdn’o 1 as a function of Z. -his 
theoretical fonaula assuraes that the edges of the panel are simply 
supported, whereas actually the edges of panels are riveted to 
stiffeners or rings. However, the agreement between experimentally 
ohserved huckling stresses and stresses predicted ty formu].a ( ) s 
gooa, as shown in reference 5 and again confirmed by^the tests made 
in the present investigation. Fomula (l) was therefore used to 
evaluate the tests to be described subsequently herein and is 
recommended for use in stress analysis. A reduction factor migh 
be necessary when the thiclmess of the stiffener (or ^ne ring) is 
appreciably iess than the thickness of the sheet, tor ilat sheet, 
such a reduction factor was given in reference ?. For sheet with 
appreciable curvature, the reduction appears to be less than that for 
flat sheet, but the available data are Insui'ficient to warrant oven 
tentative recommendations for a reduction factor.^ A sub8taiit..dl 
reduction factor is probably necessary when the s.ieet is veiy b ■ 

(t < 0.020 in.) . 
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state of Stress after Buckling of Sliest 


Vlhen the torque increases beyond the magnitude that produces 
a shear stress equal to t in the sheet, the sheet buckles and 
begins to carry the shear flow partly in diagonal tension. This 
action produces compressive forces in the stringers and in the rings, 
and the corresponding stress system may be considered as the primary 
stress system in the twisted cylinder. The stiffeners, and to a 
lesser extent the rings, are also subjected to bonding loads; the 
stresses caused by these bending actions may be considered as a 
secondary stress system and will not be treated in this paper. 
Deviations of the sheet stress from a uniform average stress mi£^t 
also be classified as belonging to the- secondary stress system. 


The engineering theory of plane diagonal tension given in 
reference 2 is based on the assumption that the shear flow q acting 
on the sheet can be divided into 'a diagonal-tension part q^^ and 

a shear part q^ by writing 



q^ = (1 - k)q 

W.5 


( 2 ) 


The fraction k specifies the degree to which the diagonal tension 
is developed; when k = 0, there is no diagonal— tension action, 
only shear action in the sheet; when k = 1, the diagonal tension 
is fully developed and the laws of pure diagonal tension apply. 

The compress-ivG forces in the stringers and rings are caused by the 
diagonal-tension component kq of the total shear flow q. 


The value of k is given by the empirical formula 


k = tan h 




(3) 


When R— > “, the formula reduces to that given in reference_|_| for 
plane diagonal tension. When the value of the constant has 

been computed, the value of k for any desired value of may 

be read from figure 2, which is a graphical presentation of formula (3), 
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According to the theory of reference 2., the stregs in a stringer 
is given by 



kT cot a 



0.5(1 - k) 




and the stress in a ring by 



kT tan a 


dt 


+ 0.5(1 - k) 


(5) 


For convenience, the minus signs on Ooni 

bJ, 


and 




will be omitted 


in this paper. In stress analysis, they must be retained to ensure 
the proper combination of these stresses with others not arising from 
diagonal— tens ion action. 


For plane diagonal tension, the theoretical calculations made by 
Levy and his collaborators and discussed in reference 2 show that 
the compressive stress in a stiffener is not vsniform but has a 
minimum va]-ue at the ends of the stiffener and a maxim’mi value in 
the middle. The maximum value is used to estimate the resistance of 
the stiffener to forced crippling induced by the shear buckles in 
the sheet. For curved diagonai.— tension fieldSj the iiiaximum stresses 
may be estimated by means of the formiilas 




where the values of o’er, and are those obtained from formulas 

Cqp Con 

and (5), respectivoly, and the. ratios — ESS and are 

‘^ST 


(k) 
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obtained from figtire 3^ which is figure 10 of reference 2. The 
theoretical calculations on which figure 3 is based were made for 
plane beams in which the ratio of flange area to web area is very large. 
This condition is generally not fulfilled for cylinders; the accuracy 
of the resvilts obte.ined when figure 3 is used for cj'^linders may 
therefore be expected to be less than when it is used for plane 
beam webs. 

The angle a between a generatrix of the cylinder and the 
fl.irection of the diagonal tension is given by the formula 


p 

tan 'a = 



(6) 


where 6 is the strain 

CrjTi 

tension, = — is 

the strain in the ring, 
fonaviia 


in the sheet along the direction of the diagonal 
the strain in the’ stringer, and e-oQ = is 

The strain e in the sheet is given by the 



oy 

— — + sin 2a 
sin 2a 


(1 


k)(l + n) 


( 7 ) 


which can be evaluated with the aid of figura 4. (Note that 

and are inherently negative when they arise from the stresses 


ST 


and 


m 


given in formulas (4) and (^).) 


Formulas (4), ( 5 ), and ( 7 ) are analogous to the corresponding 
formulas for plane diagonal tension. Formula (6) differs from the 
corresponding formula for plane diagonal tension by the term containing E, 
which disappears for flat sheet. This term constitutes an allowance for 
the fact that the circular cylinder after buckling tends to approach 
a polygonal cylinder, the sheet pulling flat from stringer to stringer 
(reference 3 ). The coefficient 1/24 is the theoretical coefficient 
for fully developed diagonal tension. Theoretically'", the coefficient 
shoxjld be less than 1/24 mtil the ratio of applied load to buckling 
load approaches infinity. Test observations indicated, however, tha,t 
the flattening proceeds very rapidly, and trial calculations showed 
that the best agreement with the test data was obtained by using the 
full value of the coefficient. The use of the full value of the 
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coefficient iimediately after •buclcling is also supported qualitatively 
Tdy the test oh serration, contained in reference 6, that the shear 
strain of a curved sheet panel generally ohoi/s a large instantaiaeous 
increase when buckling takes place « 


Because forinv.las (4) to (7) are interdependent, they ffiu&t he 
solved by successive approximation. A value of a is estimated; ^ 
e and e are calculated from formulas (4), (^)-, and (i'}, and the 

resulting values are used to calculate an improved value of <x by means 
of formula (6); the process is repeated until the calculated vo,luo 
of a is sufficiently close to the assumed value. Koraially, no 
inoro than throe cycles cf the computation are necessaiy. 

A first estimate of the angle a may be made by means of the 
formula 


a Ri Ctppij 


g 

^PDT 


( 8 ) 


with ctpjyj, taken from figure 5 e.nd the ratio 

The ang].e Oopip ia the inclination that the folds would t.ake at bhe 

given load if the sheet were in a state of pure diagonal tension, a 
condition that could be realized theoretically if the sheet were 
divided into a large number of laminae free to slide oyer each other . 
(Such a division would destroy the bending stiffness of the sheet 
without affecting the extensional stiffness.) The curve shown in 
figure 5 was obtained by solving a transcendental equa.tlon for Opjjqi 

that can be obtained from equation's (4) to ("(') on the assumption that 
the stiffening ratios Agqi/kt and Apg/dt are equal. In practice, 

these ratios will probably not be equal, but the curve may be used to 
obtain a first approximtion . The curve shown in figure o is computed 
for one specific cylinder in v;hich both stiffening ratios are equal 
to unity . This curve lies aboub in the middle of a scatter bana formed 
by the curves for a number of cylinders within the practical renge of 
pronortions . For the cylinders and curved-web bsariis analyzed in the ^ 
experimental part of the present investigation, the aiigle g eotlmai.e 
by' means of formiaa (3) differed from the angle calculated by successive 
approximation by less than 2° in moat cases, with a i;ieximum difference 
of about 3^’ 
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Ultlpato Strength of Sheet 

The ultj.Diate strength of the sheet can he estiraated by means of 
the empii’ical formula 



all 


= T' 


all 


(0.65 + A) 


whore ^ "basic" allowable shear stress^ 

for 24S— T aluminum alloy ^ and - 


(9) 


taken from figure 7 


A = 0.3 tanli 


dt 


•H 


0.1 tanli 

ht 


( 10 ) 


The value of A can be obtained from the graph in' figure 8. 

The chart for r (fig. 7) was constructed as follows: The 

top curve for copr)^ = 4-5° is the empirical curve for flat sheet and was 
talcen from figure 3 4(a) of reference 2 . Values of t *^^ 2.1 f^ly 

developed diagonal tension (k = l) were computed for various values 
of on the basis of the fundamental formula for sheet tensile 

stress 


^ ^ 
‘^PDT ^ 

sin 2appji 


( 11 ) 


The cmrve of t against k was then constructed for each value 

of ctp]yp on the assumption that the difference between the curve sou£^t 

and the curve for OpOT = 4^° 'was proportional to k. Equation (10) 

for the correction factor A is an empirical expression based on an 
analysis of tlie available tost data. 

Ultimate Strength of Stringers 

Keference 2 lists fom" conceivable types of stiffener failures 
in plane shear webs as follows: 
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(1) Column failiure 

(2) Forced-crippling failure 

(3) Natural -crippling failure 

(4) General elaotic instability of entire system 

The same types of failure are conceivable in curved shear webs. In 
curved webs, the stiffening system is probably always located on the 
inside of the curve; the following discussion is therefore confined to 
single stringers and rings. 

Column failijre ." Column fail\ire may be expected to take place 
when the stringer stress equals the column-failing stress of the 

stringer section as determined for a slenderness ratio of d/2p. This 
rule given in reference 2 for plans webs is consistent with the 
consideration that the stringers in curved webs will probably tend to 
buckle inward as a resui.t of the radial force exerted by the diagonal 
tension, and the bracing action exerted by a plane web (reference 2) 
is then absent; on the other hand, the stringers are usually continuous 
over several bays and my, therefore, be considered as fixed at each 
ring. (When the stringer is not continuous, as in an end bay, an' 
appropriate reduction must, of coxirse, be made in the allowable stress.) 
Moore and Wescoat suggest in reference 7 that the allowable stress be 
taken as that obtained by testing the stringer flat-ended, with a length 
equal to the ring spacing. Carefully made flat— end tests are known to 
give restraint coefficients of 3.75 or somewhat higher. The rule of 
Moore and Wescoat is therefore sligiitly more conservative than that Just 
given, which implies a restraint coefficient of 4.0, but the difference 
is well within the probable scatter limits of diagonal-tension tests; 
the direct use of test data implied by the rule also ensures that twisting 
failm'e of the stringers is taken into account, a factor that might be 
overlooked when colimm curves are used. 

Forced-crippling failure .- Failure of a stringer initiated by 
forced crippling may be expected to take place when the maximum stringer 

stress Cam becomes eoual to the aDJLowable stress given by the 
^•'•max 

empirical formula 



If a exceeds the proportional limit, the compressive stress corre- 
sponding to the strain cTq/E should be used as allowaole value. 

If k < 0.5, an effective value defined by 


kg = 0.15 + 0.7 k 


(13) 
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shoixl.d be used in fonuula (l?) . Becaixse the allowable stress is a 
function of the load, the predicted, falling load must be obtained as 
the point of intersection of the cvirvo of stringer Stress cfgji against 

load and the curve of allowable stringer stress against load. 

All of these formulae for forced crippling are taken directly from 
reference 2. 

WatTxral-crippling failure The terra "natua’al-crippling failure" 
is used herein to denote a failure of the stiffener caused by compressive 
stresses alone. Failure by forced crippling probably always takes 
place before failure by natural crippling can occur, but the existing 
knowledge is too limited to permit a positive statement on this question. 

General elastic instability .-- An empirical foiraula for general 
elastic instability was given recently in reference 8. 


Ultimate Strength of Eings 

Only a few ring failures were observed in the available tests, 
and they were definitely secondary failures; consequently, no procedure 
for strength analysis can be recommended at present. The following 
suggestions may be made: ^ 

(1) Eings riveted to the skin are susceptible to forced crippling 
and should be checked by formula (12). 

(2) Eings notched out to pass the stringers through should be 
checked to insure that the net section of the notch is safe against 
.local crippling. (The net section must carry the entire compressive 
force acting in the ring and has therefore a much higher sbresa than the 
full section of the ring.) 


EXPEEIiyENTAL INVESTIGATION 
Test Specimens 


The test specinens consisted of eig^it 3O— inch-diameter cylinders 
of 2kS“T aliiminm alloy, reinforced transversely 'bj rings and longi- 
tudinally by 12 equally spaced stringers. Double stringers wei'-e \xsed 
on these cylinders in order that stringer bending stresses might be 
eliminated by suitable averaging of the strain readings. Detail.ed 
dimensions of the cylinders are given in table 1, and pertinent details 
of construction are shown in figures 9 aiid- 10. 
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Additional teat data were obtained from references 7 and 9 a,nd from 
T’jipu'blished NACA data. 

Test Procedure 

Each cy3.inder was secured at one end to a rigid support while 
torque was applied at the other end throu.gli a steel frame loaded hy a 
hydraulic Jack. In order to insure uniform distribution of the load, 

Q_ large circular steel head was attached to the loaded end oi the 
cylinders. The weight of this steel head was covuiterhalanced so that 
the cylinders were not subjected to bending loads. 

Stringer stresses were compxited from measurements with Baldwin— 
Southwark SR-k resistance-type wire strain gages, types A-1, A-*?, and A-12, 
with gage lengths of 13/1^, 1/2, and 1 inch, respectively. All gages 
were used in pairs, one gage on the outer 'flange of each component 
stringer, in order to eliminate (or minimize) the effects of local 
bonding. A fairly large number of gages (an avereigo of 58 per cylinder) 
were used at a number of stations over several bays so that a reasonab-te 
approximation to the average stringer stress would be obtained. Ring 
stresses were computed from measiarements with SR-!!- gages, types A— 1 
and A-12, applied to the ring web at the mean radius line of the ring. 

Cylinder 7 was accidentally loaded before any gage readings wore 
recorded to a point wliere small buckles appeared in the skin. As 
indicated in reference 10, the value of the buckling s'oress was 

probably reduced a sme-ll amount ( approxlmatelj’" 5 percent or less) by 
this preloading. 

Cylinder 1 was loaded by a torsion jig that was foimd to have 
insufficient throw and started to bind at about 97 percent of the 
ultimo,te load. For the remaining tests, a new jig was used. 


Results of Strain Measurements 


Figure 11 shows the stringer stresses obtained from the strains 
measured on the 8 cylinders of the present investigation as well as the 
stresses computed by means of the proposed exigineering theory. As 
mentioned in the section "Teat Procedure", strains were measured by 
pairs of gages at about 29 stations in each cylinder. The average 
strain in any one pair of gages, multiplied by Young’s modulus, 
represents the compressive stress in the stringer at that station, subject, 
however, to errors introduced by local buckling of the stringer. The 
lowest and the higFiest values of this stress for each cylinder are 
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indicated "by the tick marks terminating the horizontal line drawn for 
each load. The ovor— all average (that is, the average for all 29 stations) 
is indicated by a circle. The agreement between the computed curves 
and the circlos is consistently very close for the cylinders with 
square skin panels (d = for the cylinders with long skin panels 

(d = E), the agreement is not so consistent^ although reasonably 
satisfactory except on cylinder The horizontal lines with their tick 
marks show that individual sti’osses can differ greatly from the average 
value as the combined result of variation of compressive force along the 
length of the stringer^ secondary bonding, and local buckling. 

The ring stresses measured on the eight cylinders are shown in 
figure 12. ds mentioned previously, the strain gages were attached to 
the webs of tho rings at the mean ra,dius. Becaiise the neutral axis 
does not coincide with tho mean radius, and beco.uso the total munber of 
gages used on the rings was relatively small, the measured ring stresses 
can be considered only as a rou£^i approximation to the average compressive 
ring stress. 

Stringer' stresses for the cylinders tested by Moore and Woscoat 
(reference 7) are slunm in figure 13. These cylinders had proportions 
similar to those of the cylinders tested in the present investigation; 
the. main diffei’enco was that single stringers of iuvei'ted i^--soctlon 
were used (on tho outside of tho cylinder) instead of double stringers. 

The number of stx'ain gages used in the tests of reference 7 was much 
smaller than in tho present investigation. In e,ddition, it must be 
remembered that rigid— body strain gages, such as the t/hittemore gages 
used by Mocro and. Wescoat on specimens 20 and 21, measxire not only 
the compressive strain but also the geometric shortening between ga.ge 
points induced by bending deflection of the stringers. In view of 
these facts, tho a.greement between computed and measured stresses may 
be considered satisfactory. 

Comparison of figures 11 to 13 with figuro 17 of reference 2 indicates 
that the agreement between measured and calculated stiffener stresses la 
of the same order on cylinders as on plane— web systems. 


Ultimate Strength of Sheet . ,, '■ 

Before the experimental evidence on the u3.tiraate strength of 
sheets can be- presented, the design chart of fifj^ure 7 requires some 
discussion. 

As explained, in the' presentation, of figure 1 , tho chart is derived 
from 'an empirical curve for flat sheet taken from reference 2 . Inspection 
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of the relevant figures in reference 2 will show that two curves are 
given for each material, one for wets on which the rivet heads hear 
directly on the sheet and one for webs on which the rivet heads are 
sepai'atod i’rom the sheet by heavy washers or by one leg of the flange 
angle. The curve for the first condition is about 10 uercent lower 
than that for the second condition and was used as basis for deriving 
the curves of t in figiu?e 7 , because the most common use of 
curved webs is on the outside of the aircraft structure where no washers 
would normally be used under the rivet heads. In all but one of the 
available tests, however, the second condition prevailed. In the cylinders 
used in the present investigation, the skin joints were underneath the 
double stringers shown in figure 10; in the curved— web beams described 
in reference 9j the edge of the web was sandwiched between the flange 
angle and a strap of aluminum alloy. Consequently, the test results 
were not evaluated on the basis of the chart given in figure 7 , but on 
the basis of a similar chart derived from the appropriate (upper) curve 
for flat sheet given in reference 2. 

The experimental data examined included the results from the present 
investigation and from references 7 and 9 , some unpublished data on 
beams similar to those of reference 9 except that the rings were flat 
bars instead of formed Zr-sections, and mpublished tests on two cylinders 
of 15— inch diameter. The construction of these two cylinders was such 
that the chart of figure 7 ''fas applicable . 

The data on the web failures experienced in the present investi- 
gation are given in table 2. (Predicted failing torqi.;es have been 
corrected to actual sheet properties.) If cylinder 1 is disregarded, 
the average ratio of actual to predicted strength is about I.05, with 
a scatter of about iO.Ok. Since the indicated failing load on cylinder 1 
was in error due to binding of the loading jig, the actual failing 
load was undoubtedly higher than the indicated one, although it is 
questionable whether the error >ras as large as 10 percent. It is possible, 
therefore, that the strength prediction woiild have been somewhat 
unconservative compared with the true ultimate strength. 

On one of the I5— inch cylinders a web failure was experienced with 
a ratio of actiial torque to predicted torque of I.03. 

For 11 web failtares on beams such as those described in reference 9> 
the average ratio of actual to predicted strength was about I.05, with 
a scatter of about ±0.08. The scatter band for the beam tests is 
therefore twice as wide as for the present cylinder tests. 

For the tests on plane-web beams discussed in reference 2, the 
ratio of actual to predicted strength was about I.07 i 0.06; the 
accuiracy of strength prediction is therefore about the same for 
curved and for plane webs. 
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Not includod in the an.aly3is were two testa (one l>”inch cylinder 
and cylinder 15 of reference T) in which sheet failure took place in an 
end hay. Tests of beams with plane webs indicate that it is very • difficult 
to realize more than about 90 percent of the web stronr,th unless the 
end bays are reinfoi'ced by doubler sheets, and much less may be realized 
unless the end uprights are very carefully proportioned. In cylinder 15 
of reference 7, only 63 percent of the predicted strength wc>s realized 
as a result of sheet failure iii the end bay (table 2). The introduction 
of a torque into the end of a cylinder proba.bly requi-res a doubler sheet 
if the full strength of the sheet is to be realized. 


Ultimate Strength of Stringers 

Table 2 gives ultimate torques predicted on the assumption tliat 
the stringers fail either by forced crippling or by colurai action. 
Comparison of the predicted with t]*e actual failing torques, also 
given in the table, shows that the strength predictions were always 
conservative. The ratio of actual to predicted stren^,th ranges from 1,06 
to 1.89 for the cylinders in which the stringers failed. Nor a largo 
number of teats on plane webs (reference 2), the average ratio was 1.2, 
and only in a very few tests was the I’atio 1.4 exceeded appreciably. 

Table 2 shows three teats out of seven with a ratio appreciably larger 
than 1.4. This result indicates either that the predicted maximum 
stringer stresses in cur'/ed webs are too high or that the allowable 
stresses are hithsr tlian in plane web systems. 

In passing, it may be noted that for ai_l the cylinders in table 2 
the calculations predicted correctly whether the failTiro would be 
stringer or sheet failure. 

Cliecks for general elastic instability by the method of refei^- 
ence 3 showed that the cylinders of the present investigation had 
extremely large margins against failni'e of this tj'pe, For the 
cylinders of reference 7, the margins were smallei', but still positive, 
with a minimum margin of about 20 percent. 


C0NC7UGI0NF. 


An engineering theorj’’ of (incomplete) cuir/’ed diagonal tension, 
obtained by generalizing a previously published theory/’ of plane diagonal 
tension, is presented together with pertinent test data. Analysis of 
the test data by the proposed theory indicates that, for curved webs. 
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1. The (primary) compressive stresses in the stiffeners and rings 
were computed by the theory with about the same accuracy as for plane 
webs. 

2. The failing stresses of the sheet were predicted with about 
the same accuracy as for plane webs. 

3 . The failing stresses of the stringers were predicted 
conservatively in all cases, more conservatively and with more 
scatter than for plane webs. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., August 15, 19^7 
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TABLE 1.- DIMEHSIQHS OF CnZNDERS 


Cylinder 

t 

(in.) 

R 

(in.) 

(in. ) 

h 

(In.) 

•tgTx 

(in.) 

(in.) 

^ST 

(sq in.) 

/ ^ ^ 
(sq in.) 

1 

0.0248 

15.04 

15.00. 

7.87 

0.052 

0.061 

0.230 

0.197 

2 

.0266 

15.03 

7.50 

7.87 

.050 

.064 

.221 

.202 

3 

.0265 

15.02 

15.00 

7.86 

.033 

.063 

.155 

.198 

k . 

.0266 

15.02 

7.50 

7.86 

.033 

.068 

.153 

.216 

5 

.0393 

15.03. 

15.00 

■7.87 

.081 

.104 

.335 

.320 

6 

. 039 »^ 

15.05 

7.50 

7.88 

.080 

.104 

.332 

.317 

a 

.0428 

15.04 

15.00 

7.87 

.053 

.102 

.239 

.318 

. 8 

.0399 

15.06 

7.50 

7.88 

.053 

.102 

.239 

.321 
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TABLE 2.- tJLTIMATE STREKOTBS 


♦ 



Predicted ultimate torques for 
failure by 

Test 

Test ultimate torque 
Predicted ultimate torque 

(1) 

(2) 

(3) 

Cylinder 










Stringer 

Stringer 

Sheet 

Ultimate 


(JO 

(4) 

w 


forced 

bowing 

rupture 

torque 





crippling 




Failure 

observed 

(1) 

(2) 

(3) 


(in.-klps) 

(in.- kips) 

(in.-klps) 

(in.- kips) 


(c) 

(c) 

(c) 

1 

1010 

1200 

744 

669 

(3) 

0.66 

0.56 

0.90 

2 

1010 

1950 

935 

944 

(3) 

.93 

.48 

1.01 

3 


660 

793 

468 

(1) 

1.06 

.71 

.59 

k 

520 

lo6o 

933 

732 

(1) 

1.41 

.69 

.78 

5 

1400 

1950 

1220 

1261 

(3) 

.90 

.65 

1.03 

6 

1520 

3400 

1400 

1528 

(3) 

1.01 

.45 

1.09 

7 

590 

1400 

1200 

1113 

(1) 

1.89 

.80 

.87 

8 

950 

2260 

1410 

1503 

(1) and (3) 

1.58 

.67 

1.07 


220 

445 

613 

343 

(1) 

1.56 

.77 

.56 

®15 

520 

690 

635 

398 

(4) 

.77 

.58 

.63 


470 

400 

601 

442 

(1) 

.94 

l.U 

.74 

®21 

500 

720 

655 

588 

(1) 

1.18 

.82 

.90 


^rom reference 7* 

^h0#t falliir® In ©ni \>e^ vlthaut doiiblar plate. 
Ratios are based on Tallies In coluzsns indllcated 
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(a) dsh. 


Figure I — Critical-shear-stress coefficients of simply supported curved panels. 


NACA TN No. 1481 


21 



(b) hid. 


Figure I.— Concluded. 
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Figure 2.— Diagonal-tension factor k. 
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Figure 3.— Ratio of maximum stress to overage stress in stiffeners. 
(From reference 2.) 
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Figure 4. — Chart for rbtuining e. 
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Figure 5.-“ First approximation of the angle of folds (based on pure diagonal 


tension), (strictly valid only when 
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a 


PDT 
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Figure 6.- Correction to first approximation of the angle of folds 
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Figure 8.- Correction factor (due to effect of sfiffeners) for allowable 
sheer stress. 
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f-igure 9.- Over-all dimensions of test cylinders. 
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Figure 10.— Nominal dimensions of test - cylinder stiffeners. 
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Figure II. — Stringer stresses. 
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Cylinder 4 


10 



Ring stress , , k si 




Figure 12.— Ring stresses. 
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^j-Wire resistance goges 1 
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^Experimental stress 
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Figure 13.- Stringer stresses for test cylinders of reference J. 
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